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A B S T R A C T Bacterial infection is associated with disseminated intravascular coagulation and fibrin de- position in the microcirculation; the mechanism of these effects in humans is still unclear. We have studied the generation of procoagulant activity (PCA) by cultured human endothelial cells (EC) in response to endotoxin. Cells from umbilical cord veins were grown in Eagle's minimum essential medium with 20% fetal calf serum till confluence. Absence of fibroblasts and macrophages was carefully checked. Endotoxin (Salmonella enteritidis lipopolysaccharide (LPS) W or Escherichia coli 0111:B4 LPS W, 0.01-1.0 ,g/ml) was added to culture dishes for [4] [5] [6] h. PCA of EC was measured by a one-stage clotting assay and/or a twostage amidolytic assay with the chromogenic substrate S-2222. In the absence of endotoxin, EC generated little, if any PCA (2-5 units/105 cells). In contrast, the addition of endotoxin resulted in generation of strong PCA that reached a maximum within [4] [5] [6] h (185-241 units/105 cells) and was dose-dependent between 1 and 0.01 .tg endotoxin/ml of culture medium. The generation of PCA required RNA and protein synthesis but did not require the presence of serum. No activity was found in the culture medium. The activity was of tissue thromboplastin type, as indicated by biological and immunological criteria. These endotoxin effects were observed in the absence of endothelial damage, as shown by phase-contrast mnicroscopy and lack of 51Cr release. These data coul(d contribute to elucidate the pathogenesis of vascular complications associated with endotoxemia in man.
INTRODUCTIO'N Endotoxin-producing bacte ria cause disseminated intravascular coagulation (D[IC),' shock, and ultimate death of an estimated 25.% of patients with bloodstream infections (1, 2) . The mechanism of endotoxin action in man is still unclear and difficult to study. In animals endotoxin induce s injury of endothelial cells (EC) and this is thought to play an important role in blood clotting activation (3, 4) .
We describe here exp)eriments indicating that endotoxin induces the gelieration of tissue factor procoagulant by cultured inuman EC. This hitherto undescribed effect of endQtoxin could play a key role in the generation and deposition of fibrin in blood vessels. In some experiments end otoxin-stimulated and control EC were detached from the pi'astic wells by brief exposure to a 0.25% trypsin-0.02% EDY'A solution or to a 0.02% EDTA solution alone, washed exten sively and suspended in culture medium before testing for F'CA.
Evaluation of PCA. PCA of EC that had been disrupted by freezing and thawing directly in the wells or of undisturbed EC fixed to the bottonA of the wells was measured by a one-stage clotting assay and./or by a two-stage amidolytic assay (9) . The freeze-thaw proc edure was performed by placing the cell plates on top of a dry ice ethanol mixture for freezing and by shifting them to a water-bath at 37°C for thawing. The clotting time wa; determined in duplicate in prewarmed plastic tubes using t he following test system: 0.1 ml test sample, 0.1 ml citrated normal or coagulation factordeficient plasma, and 0.1 ml 0.025 M CaC12. In the amidolytic assay (9) Determination of EC damage. Injury to EC was evaluated by phase-contrast microscop) and by a 51Cr-release assay as described (10) . Fig. 1 shows that after 5-d culture human EC had little if any PCA, which did not increase significantly during 6-h incubation with fresh, endotoxin-free culture medium (2.1±0.5 vs. 5.3±2.1 units; n = 5, P > 0.1 using the Student's t test). However, when endotoxin was added to the medium strong PCA could be detected in EC after 3-h incubation, reaching a maximum within 4-6 h. No activity was recovered in the culture medium (clotting time always >300 s). The endotoxin effect was dose dependent between 1 and 0.01 Ag/ml culture medium. The generation of EC PCA induced by endotoxin was completely abolished by cycloheximide (1 gg/ml culture medium) suggesting that RNA and protein synthesis are required for this phenomenon (Fig. 1) ; cycloheximide did not affect cell viability. The observed PCA generation by EC did not require the presence of serum in the cell culture environment and, in fact, in parallel experiments in the absence of serum, EC generated comparable levels of PCA in response to endotoxin (data not shown). Table I shows that EC PCA induced by endotoxin is identical to tissue thromboplastin on the basis of two criteria: (a) it failed to shorten the coagulation time of Factor VII-deficient plasma but did shorten the coagulation time of normal, Factor VIII-or Factor IX-deficient plasma to similar extents; (b) it was neutralized by a goat antiserum against the apoprotein III component of human brain thromboplastin (kindly provided by Prof. Prydz, Research Institute for Internal Medicine, Rikshospitalet, Oslo, Norway).
RESULTS
To determine whether undisturbed EC have PCA available on their surface, endotoxin-stimulated and control cell monolayers were washed and incubated with a source of Factor X and VII (BaSO4-serum eluate) and CaCl2 (Methods). The apparent PCA level in these undisturbed cells was compared with that of the same number of cells disrupted by freezing and thawing (three times) directly in the well before addition of the clotting zymogens (serum eluate) and CaCl2. Fig. 2 shows that undisturbed endotoxin-stimulated EC did express some PCA. This activity represented approximately one-fourth that of the disrupted cells (total PCA).
In some experiments EC, after 4-h incubation with endotoxin or saline, were detached from the plastic plates by exposure to trypsin-EDTA or EDTA alone before testing. Again, in all instances, only endotoxinstimulated cells expressed PCA. Most of this activity was detected in intact cells, suggesting that the detachment procedure causes unmasking of PCA (Fig.  3) . No difference was found between cells detached with trypsin-EDTA and those detached by EDTA alone, suggesting that trypsin per se had no effect on cellular PCA availability. Failure of endotoxin to induce endothelial damage. No changes were observed by phase-contrast microscopy in the morphology of EC monolayers during the 6-h incubation with endotoxin (1-10 ug/well). In addition, endotoxin (up to 10 ,Ag/well) did not induce 5"Cr release (95-107%, range of four experiments, compared with respective controls set to 100%). 
DISCUSSION
One of the main effects of endotoxin both in humans and experimental animals is the production of DIC. Endotoxin-induced endothelial damage is considered one of the main pathogenetic factors in laboratory animals (3, 4) . However, there is no evidence, so far, that cultured human EC are directly injured by endotoxin (10) (11) (12) (13) . In this study we also failed to demonstrate endothelial damage as assessed by 51Cr release. 
